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(54) OPTICAL COUPLER, PRODUCTION OF OPTICAL COUPLER AND APPARATUS FOR 
PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make it possible to 
couple first and second optical waveguides varying in 
spot sizes to each other with low coupling loss. 
SOLUTION: A lower clad layer 12 is formed on a 
substrate 1 1 . A first core 1 3 is formed on the lower clad 
layer 12 and has a refractive index higher than the 
refractive index of the lower clad layer 12. Its cross- 
sectional area is nearly equal to the spot size of the first 
optical waveguide. The second core 15 is formed on the 
lower clad layer 12 and its one end is connected to the 
first core 1 3. The cross-sectional area of the second 
core 15 changes continuously along the propagation 
direction of light in such a manner that the cross- 
sectional area is nearly the same at one end as the 
cross-sectional area of the first core 1 3 and is nearly 
equal at the other end to the spot size of the second 
optical waveguide. An upper clad layer 14 is formed on 
the first core 13 and the second core 15 and has the 
refractive index lower than the refractive indices of the 
first core 13 and the second core 15. 
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-SgOirSiSNWEfc 1 o**ifttt 
OXtfy h*'fXt*RWt:*L<, fl&SS<Ol8rIB«a*itir 
E* 2 tf>7fc#i£&<7> x # y Xt L < * 

jt««|plt, «rlB» 2 o*«t»^«>*«*oAi** 
2 UEtt*>#*tf-&-#„ 

[»#3R4] HIR3TJ4, *IWWi:i/- r*»MltS 
[fit** 5] iltrKaTOllffBBWRtflBflr*^ 
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*2 jft*oA*t-*r&] t ofc-*-ft*«o - i 
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1 TiM 5 OW*t*> 1 £Kffi*<0 jfe|g<fr». 

/7 U V - -9-* * SBJt L r » - -f w L «U» 

*0-Offl«r8g -»OHflB»*»i»E» 1 Oft 

9*mmm 2 o*w^^* -/ht^xt izm 

[iI*Jl8] iS^T^ISli, HUE U-frox ^ ;u 
3feft.6W;*:ilS. JSAtUft, &V\ &ft*Of£ 
IftiiJSOrt. ^<ti lo^jfcS-tf&Cfctcto 
T, «rE3T^Bf®»S.0 f SW^<0^^< fc fe-^$r« 

JB7 (iE«<07t^-&SOS!it^o 
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[W*«9] TttE3T3g*X«li, ftBW— fOftft* 
1&ET7 7 y KSSO f ME±^ 7 v KiUWLtffl 

jftjfcoffitt*ifi]fc, «rE* 2 <oits&^<oiffi*oAI+ 

73(6]t<75^i-^^0~ 1 8 0JK<7>$SBK#£1-£<fc-, 

o] »io*«iftK*^m»rLfc*«[**» 
tfrEft^Stt, 

-»oWflif«**lWE» 1 

Jill:, ^oeiR^lSJ^J&orBfWtf^aaW^^b 
UJE*>ig§£Si4, 

1MTE l' - t- 4 o X ±m S ixfc - If* £ *ft 

«TE U > XK «t o T&ft £ ^ — ¥ftco*ft* -i* ? h 

mm® t hue ^ > x t offi*Ni* * *f t $ ^*t# 

50 l»ES9Sffc#SJ4> lWEV'>X03B«S:SEftS-**c:t 

■*fjto**^.-Ky hg*3Efk$-*4, zti&®.t-rz 
m^m. i o (cE«<o»j&^s. 

[0 0 0 1] 
[0 0 0 2] 

*>tvTv^ e friz, »«±U»*tfc***B»cJ:o-C 
«(S$*t4XV-^-7fc*?SK^?-l4, /hSi, 

<OJ;o t3fc^T07t«7fcKl4, -mz. fyvVL. ? 

=7 y K4 <o bm^mtftmzm-fz^Tt, frbmi&zti 
rv>4o ifc, nTf^'yWP^ft?^; 

50 tlCioT, 7t<7)f5fflgSrStJffl)-r-5)C(>:* J T-§4o 
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[0 0 0 3] C©J:dfc**ifttt*«*i-*tt«U\ 'If 
HUB 6 3 - 2 3 7 1 2 -*4!f*, fSBS 1 ? 1 - 9 6 6 0 4 
£r#, £U\ 3#BfI¥9-3 1 1 2 3 7tfi«i:^?n 
rv^ 0 #ggBB6 3 - 2 3 7 1 2 -S§-£r«U|?}7n£itT^ 

KtWLTv>4. *LT, ^57 K«fc »> fcHE^JOffi 

[0 0 0 4] #ST1 -9 6 6 0 4-f-&«UBa^SitT 70 
= 7ilKU-*-*MttLT*OJB«**SEftS-ti\ 

f 9-3 1 1 2 3 7^&S»:S*$ilT^*l±, tf 
- * t&ftftPffiw V — V** U > X*T*# LT #7 * 

rtUffl«fsp*«JBl) k (37) &M$LLX 
[0 0 0 5] W±«0 i 9 fc&WU iot^77 K?37 

* ^ L ' < * * # O ' < * X « I* , *3ft« jfttt 
i:AM?ti41t i i)£A { ot Li -eofc 

TtOXtfy h-^-f Xfc/hS < ib«6*>;*#-y h-^-f 

< 

[0 0 0 6] ±f£L£!t#gPB 6 3 - 2 3 7 1 2 -§-<&fglC 40 

S*i-t>>* *:*!>, 37t-f XSr^ffc t^T*^^ 
v^v^raH****. WBB^Fl - 9 6 6 0 

» If, lli¥9-3 1 1 2 3 7-9-2tfRUHl7jt3*iT 

^aans-cji, (37) o-^-f xzmtmtz 

h-tf-'fx^jifc w±tp]«u^a*^^ 

< ^^*^*-i»o »*3fc0^sJ?y h-9--fX75^i-&7t 

**ttw±*e'ft-r4a*tt, ^^^4 - 2 2 0 6 0 9 

^£«L Rl>\ M¥8-l 7 1 0 2 0-f-&^tCB3^? 50 
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w-^*r-tra&LT3T^xi-te:;*:L, ar-4-^Xeom 
ft4**«L»ISI±*iB[««t'&-e*4J:o»-tTv»*o # 
KW8- 1 7 10 2 O^&^UISTj^ftT^ttffTT- 
(i, htf >fXo«fc*3fc#iftttm±«:tt<&1-*fc 

3fe«±K7TMS*l&3TO*B^fc$£iliR.^;'* 
> X^ U <fc o -Cgp&ltt u 3?fb $ * r v»4 c 
[0 0 0 8] 

i&mmikLXo ft&vm] #§3^4-2 2 0 6 0 

9-t£r«tcra^$*LTv*&J$a5-CI±, RU^JftSitTV* 

^"fb$-ti\ 37t-f X(7>*fc * 7t 7 lt^*g-& 

/<*$<0 3T->M XSr^fbS -?-?>3fc7 r 'f 
37*^ X*SeffcS*4:Jt#Hfft*)*v> 0 BP*>, t7r 

[0 0 0 9] #g3¥8- 1 7 1 0 2 0 -f-&#(C^7r: $ *t 

3t*i:, 3T«0fi^»i«S4:iy^>^lzJ:orS:rafW 
tcgefb^Hi'Ti/^o (:x 7 f >7-C*37t^X 

SrSmWl-SEftS***^ ^USjEt^^^-f X 
* SMk S * * /: * u « , »0f W 4 ftil^ f f - > ^ * * 

*) <o , «aie*«w»u * * t ^ ^ mjb^ 

ab^o S^c, X7f>yft*37S;A7-->'7"LTv> 
«&OT% 3 7ii«!:i&o ^|6]IZ L frMfc-t h Z. t 
•e*iv»fcv^|Bmi****o Sot, #?&7fe 
^*7 X#R%&ybmm&R±*&^&4r»£; 

4o 

[0 0 10] 

*««rlB* 1 <97t*?£8&<0* # y h * -f X t HSfW ic^s L 
<, fi&»OIBfiB«**ffirfB*2^>7fc*?KK07* y 

[0 0 1 1] COf&^l-ittif, 1ttfmm-f2>=i7'<r>Wr 



-3- 



5 

l <r>mfe&frt><T)mfa±<r>m%\^$it, firfe£l2<Da|?£ 
[0012] frienrii, 0&n®nr-u-v'&mmz 

tlZZ HzXiXMlfcZIXX^Xi, i^o JuTfe^y^Br 
»R t , &M4M(U!!Rtt3*i*: u — ifagjlbft t 

tmn-r zztuxox, mtzm i o*«e»js» h <nm&. 

[6)i:<7)^i-A^o- 1 8 J: o 

rv>r & <fc^<> 
[0 0 13] #S£91<0&2tf>SL6j;;&>a»43y£^f|OSg 

KltMtiT? 5 v KMISt, frier * 
5 y KJBJtl-, ±* 5 v K«4:3B*i-*±^ 9 y KB)£ 
ISt, filers 7 y KB&tflffiSEi? 7 y K«o4<-& 

[0 0 14] iOl&^UitLlf, *75 ? fEaSi--5.nroS(f 
X**#|fc4:)fcSi£8&|B]±£. fiv^^-a^T-^-g-T^C: 

z>\ wt&o&wii&Btnft* < t 1 1 -ozmtz^ 

[0 0 15] fftfB^Tff^ScISti. #1151 — 

?s*oaiW^[6)t> flrfe$2w#&&^oj*&ftoASt 

[0 0 16] *|felH0*3 0W£K****lite«0S 
«gfi»±, ^l<0^iirSK^t>aJS+L^»&3tt*2O 
tc A W" * * 4 * « it -T 4 SSfS^S T- * 

^X£|l|Siflt::^L-<fc4J: ; ?K, 7c<0f£«&*r&]Ki&o 
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■?a> t , «riB^ - xjw±tz«® £ *tr v»* Wftussiti- 

4W-**7fc££>£1-4W-**£l&3M£i:, HUE U- ->f £. 
j&^g iz «t o r $ titz u - -9-* * £ ^Tt-T 4 u > x 

•y ha*^t*-**asEft#«i:, m^m\tm%t^> 

70 [0 0 17] «TlBU>Xli > *v>RCttM$il^ttf|c-C 

sctiziot, friBu— V ttfgi: J: or su&stt 

[0 0 18] 

[HWoHifew^] *ffe9Jo» 1 ojUko^S 

x.ir. hi izm^m^m-rxoiz, 

X*«*^ * » 1 o**rftBS t » 2 <07tams& to^i: 

[0019] H 2 l±. mi <0$£fc<r>m&\zfrfrZ>1b1fc J & 
SW»«*^-rfltS:H-e*«o ft is, H2 (a) i±. ?t 

tcseft®r«j»fL.^J»-g-oBf®iiirabi3, 112 (b) 

ffir«JBfL7tt&^-<7>BfMl2ir-*4 0 i/c, H2 (c) t± 
1I2 (b) <OA-A' $zfomX'$>t) , @2 (d) (±0 2 
(b) <0B-B' ^«Eir-*4o HI 2 t-^-t £ o IC, 7fe 
50 ^Sl±, ^« 1 It, T^yKiUt, Si ©3 
713t, ±77 7K114t, 125)37 1 5 t , 

[0 0 2 0] 1 l±, v'J ^> (Si) irhfoi&LZ 

tiX^Zo T^9 -y 1 2I±, 3&«1 l±lc^$tL 

(Ge) X(±^^-^A (Ti) **K-e>^$tt3t*" 

0>Jffli»T**3Sffc3-<iN& *. ifc. 3fe«l li: 

oriiil(c?Sjfc<0S#34**«l ic*»H, 7t*^«&<7>f£ 
£4 4. ^t, icofrJSa^^iB: 

w^*i i uj^fei^esutijgstt*. *«twu 

li, T?7 7 Kil 2<0f$l±, 1 0 ^ ma±Xhi><7) 

[0 0 2 1 ] ^1 037 1 3 l±, 9 y 1 2 ±<D 
-StC, T?57KS12J;I) <> j§;v^w^^*-r 4 
7*®kfrhWtWi.21\X^Z> 0 81^371 30-9--T X 
50 li. UCfLfcJ:?!:, -3fr07c3Sr£&£f£aB:-r47c 
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3-6 ft mfiio & 1 «37 1 3t5*T^ 9 y K 

Sl'2inSv>IDr$«rtt5J:9i:, Iko^ti 
3 #7 *|glU(4, *7-y K4 •) ^>i@5 

«K<75rJl--7-^A (Ge) Xli^^-^A (Ti) 
K-kf>y$fLT^S 0 ifc, 110371 3 0— 3S 
ti, 7 y K« 1 2<75fitJ^^:r*^2<7)nT 1 5 

[0 0 2 2 J y K» 1 414, ilO^Tl 3i») 

2 tiq— <0*tK-C* 0 , llflnr 1 3M12W37 
1 5 £8H 4 1 1ZJ&lfcZtlX^Zo 
[0023] 5I±, T?77KIS12SO ! 

±? 5 y KS 1 4frh'&j&-t £4 o IZ LTMJii, T 

fc^Tt-So fc£L, &2037 1 5<DJS#r3W4, llO 
n 7 1 3 fc <7)«^® 1 7 "C14, 110371 3 <OIflr$ 

'h?<iot^o tfc, f&2 W7 1 5<Offir®f|l4, 

^1 ©37 1 3 t<r>&Wm\ 7T-I4, mi CO^T 1 3 CD 20 

[0 0 2 4] H±Oii4«ftf***»*ftO 
mftUoKKBti. tm&U, 113 (a) Kjjrf 
4"HC £«1 -ft*«ffl*« (CVD) ft(C4 

S5L*:4 a U*»«L»oeiB»**fi«-r 4 T 
:7 7-y K)8 1 2<0!P$£ 1 0/imJi±Ct4„ T 
* 9 y KB 1 2 ±K, T^77K112J:i) *> Jlflr^cD 
^77*7 ft*£UBJ|l« (CVD) ttCloTft 

IR-T^o -eUT, 7* FUVy*77-fSaofX7f->7- 
£K4oT, 13 (b) (C7j5-r4 9JC. ±ie**7^m?: 
/^--^^U *S£O f BiSj& , 3~6 // mOlS 1 037 
1 3 £JfcJ&1-<£. 0 

[0 0 2 5] -5-LT, ^1^371 3*»Jftfft, * 1 <0 
371 3 4 0 <>®W^Ofiv»±^ 9 y KS 1 4 -Hfc^ 40 
fflit« (CVD) SlUoT, 03 (c) IC7jrf4o 
1-, T7 5 y K® 1 2^^ 10371 3±i;^1" 

±* 7 y K« 1 4 ROT* 7 y K« 1 2 OJBW*«r*L 
<ti<0^iLv>„ ^{-, (33 (d) Ktf-T i^K, 

w - -rifeiss^-e^fe * titz u - 7t 2 i £ > xt* 

jfcLfclf-AfcT??* K»l 2 50 f ±?7'/ K® 1 4 

*-r^^2<7)=/r i 5 zwm-tho 

[0 0 2 6] Z<OU— Wit2 1 coBBjft-14, 00x14, U 50 
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HBM»fil4, f-7^3 1 t, T--r^X«PRl»«3 2 
t, U--f3£MS3 3 t, U>X3 4h, V>X3dflE 
i&8B3 5fc, fi-736t, 7j>«b«fig$*tTv^o x 
-7)1-3 111, (T? 7 y KS 1 

2, 11^)371 3, a^. ±*7-y KH 1 4 £f£j£S 
*Lfc*«l 1) 5-««LT@^-r4„ r-X>w3«#I?» 
gT>3 2!4, -r-X;U3 1 Sr^fJ^-ti-r, 7-7^3 11 
C0*t*4t U>X3 4 fc *SEffcS*&, 

[0 0 2 7] U— tf»«»3 3 14, Tt? v VM 1 2 , 
1/7 7 Kll 4«Iflf$S'^l:§*T37 (7fc#ifi 
SS) Sr^-f ifcAOU- fft2 1 tULffr-tZo U>X 
3 4(4, «xlfl»v>RuarlBSn7t«fls<St*»ib«JatS 
*l, U-f«JH3 3^<b<7)U--*f7c;2 1 tt*tl. 0 
U>X3t^|EiiB|5 3 514, 1/>X3 4 ^^ifLT^lft? 
f-7^3 i±w*tip4t w>X3 4 t<offiitfi:e£ 

[0028] ^i-7'3 6(4, mm^^mwmmmm^ 

mmZiT-. U>X3 4C»#S:ft»LTU>X3 4 0* 
Sr^L, U>X3 4 H4oT*3fcStt-&U— 9-*7fc2 1 
<0**^*7 hS*^t$-*4o fcfc, lEU-fllt 

A^tctS o T, n > tf a - ^^OtJffllilfitC 4 orMffll 
?iiTV>5 0 0!IxJ4, ±IBx-7*;P5:fiFlEl()g|5 3 2 1^ 
U>X*«HE»»3 5 0iif^(4, 820371 5 ****** 

rto^eat:ffM$n4 4d tc, mmmm^iza^x 

*2 lOM^f-i-73 6 ^<b<0 
7t2 l co£7fc*--K-y hS75 i ^co^:§$i:^4 4o ic, 
flHJ»SIB^U 4 o rfflW $tLTv>-5. 0 
[0 0 2 9] aiOii W— 
LTl/-fjt2 1 *HlSt-r*R, 45D«bt;, t"-X;u^ 
IiKl8&3 2aO f U>X^ffit!lSB3 51C4oT, 1--** 
7t2 KDMItxtfy h (***) 2 2 0liB^l CO 3 
T13C0SS («M®1 7) tt&iZli&t'HzmSE-* 

W)U2 5»-4oT, T^7 7 -y KB 1 2 5^77 KS 
14<t, U— »f*«»aO f U>X3 4 tOrtO^ < t 
t-TT-^^BftS-^^o BP*>, *3fe^* y h 2 2 7 
•y K® 1 2 RU^* 7 y Kg 1 4 tc*t LrffiWSi*$-ti- 
h a Cinic4oT, ^7t^.--Ky h 2 2 cO^SBtB- (T^ 
5 y KJ1 1 2 S.Z>'±^ 7 y K® 1 4 <?5-g|5) T*J4SW^ 
tf f SftU 4 19 tjS5v^W^Sr*-T4^2 cony l 

[0 0 3 0] ta-73 6jJ»e>Oiftflstt«&S:W» 

LT, ftTfe^-i^y h 2 2<n&®tmmiz^ U>X3 4<7) 

-<7>4-)tr-r^t, 115 (a) , (b) K7jrr4-51C, 
*jt^^y hgO^fbt^tc, ^2<7)37T1 5<7)Kfft5« 
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#Wt~(±. **X*7 hSS:7<# <-tZ t 3 7t-fXli 

3 b (O&mffi 1 7 X'ltm 1<0371 
3<0fBrBSti:(ltJ^L<. ftttfil 7^<b^tt^>t;o*T. 

(0 0 3 1 ] fc*>\ U-^'t£2 1 t LTIi. fflxitf* 7 
;P=i-> U--ff®ie<OT i : A 1 2 Os u— f^<b^«$ 
tl7t, /*>W7>4S1 5 0 f s . #.*)iILffliS3S:2 0 0 k H 
z, ?£S8 OOnm, ¥*^aj* 6 0 0 mWflftO U — 

^fflv^ 0 tit, *7fc**y h 2 2-e«9kT-7/< , 7- 
SfcSa*, l 0 5 w/cm 2 U±t^^J;9«clS:^i-*o 

&±0£ n izm2<7>=>7 1 5«0B/f®»£^ft$-<i:£ it 

[0 0 3 2] i fc, ±ISL7t J: d »:7g7 * y h 2 2 
£T7 9 v KS 1 2 Rir'±? 7 v KS 1 4 lc*frLT*B*t 

ift»3 5l:J:or, C.O«»»j£*jg«A<j(::3effcS-£ 
-So :o±Ti:t4t, H6 (a) , (c) ic^-fio 

Kit"*- <-T*fc, £2<7>rJ7 1 5 <OJss 
ffi^li/h? < ftoT, wco^-g-, ^2<?)rJTl 5 
<0lff¥* s , *1»371 3 t 1 7 T*(±* 1 O 

[0 0 3 3] &±-em2K7FLtzltm&n*5Er&-t2>o 
VVim&tWiltZitiWC. fS5#tc»2<7)3 7 1 5<7> 

BfKwa r/mmm * mmm \zmt $ c t &-e § & „ 

[0 0 3 4] ifc, U— fjfcS:Bgl*Lr*"7-Xt»lCjfc* 

-E-^^-OfflS^li^^ttUflEtt* 7 it Y >) V 7*7 7 -f ft 
U «fc o T Jfc £ L T v» 4 <T> T% £ ±m&1& fT*i® 

[0 0 3 5] $Hi<Oi2W||ft<7)lg(:^*S 

©JBJBtmaiU, 7 h^^X^^S»l 

<05tSfeffSi:m2O**r^Ki:<73MUI*it'bn, -^J«o 
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£o SI2<O^JS<7)BSs*-*^^*^Sfi, WT 

[0 0 3 6] ^2 0HJg<7>ff^.l-*^^*^ 

fiwflifiSc^^-ra^iii-e^^o 117 (a) i±, * 

CSit^®T'«)ifL^:*|-&<7)BfMliir-^»), H 7 (b) 

70 r**^,o tfc. H7 (c) t±m 7 (b) 0)C-C 

[0 0 3 7] wOjfctt-frSli, S«l It, T?7'; K 
Hl2i, ^l<03713t> ±?77KI14t, » 
20371 6t, *»t>#SS*ir*J »i conifeo^ 
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